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We present an argument in which the scale ∼ 0.1 eV associated with neutrino masses appears in
a natural way from a class of (very) large volume compactifications, being tied to a supersymmetry
scale of 103 GeV and a string scale of 1011GeV. The masses are of Majorana type and there is no need
for a see-saw mechanism. The suppression scale arises from a combination of TeV supersymmetry
and locality of the Yukawa couplings. These kind of constructions appear naturally in Type IIB flux
compactifications. However, the arguments that lead to this result rely only on a few geometrical
features of the compactification manifold, and hence can be used independently of string theory.
PACS numbers: 11.25.Mj 11.25.Wx 14.60.Pq 14.60.St
I. INTRODUCTION
The existence of non-zero neutrino masses that has
been established in recent years constitutes the first ev-
idence of physics beyond the Standard Model (for a re-
view, see [1]). Neutrino mass splittings have been mea-
sured [2]
7.7× 10−5 eV2 . ∆m212 . 8.4× 10−5 eV2,
1.9× 10−3 eV2 . ∆m223 . 3.0× 10−3 eV2.
As there exists a cosmological constraint that
∑
νmν .
0.7eV, this implies the heaviest neutrino has a mass
0.05 eV . mν . 0.3 eV. (1)
While this mass could be purely of Dirac origin, such
an assumption implies that the largest possible neutrino
Yukawa coupling would be at least six orders of mag-
nitude smaller than that corresponding to the lightest
charged lepton – the electron. In the quest for a more
natural explanation for the smallness of neutrino masses
one is led to the assumption that these masses have a
Majorana origin. This inevitably leads to the existence
of non-renormalisable operators in the Lagrangian and
hence to the existence of a new physical scale between
the electroweak and Planck scales.
In the Standard Model, neutrino masses may be gen-









This generates neutrino masses on electroweak symmetry
breaking. In the MSSM, the comparable superpotential




These are also the effective operators that appear at low
energies in the seesaw mechanism once the heavy ster-
ile neutrino is integrated out. In the seesaw mechansim
the scale Λ corresponds to the mass of the sterile neu-
trino and is normally taken to represent the scale of new
physics.
The observed scale of neutrino masses creates a puz-
zle. Working in the MSSM, the Higgs vev is 〈H2〉 =
v sinβ/
√











If sin2 β ∼ 1 (as applicable in the preferred large tanβ
regime), neutrino masses of 0.1eV require a suppression
scale Λ = 3×1014GeV for λ = 1 (roughly the top Yukawa
coupling) and a suppression scale of 3×1012GeV for λ =
0.01 (roughly the tau Yukawa coupling).
The required scale for Λ is mysterious as it is nei-
ther the GUT scale (∼ 2 × 1016GeV), which gives neu-
trino masses that are too small, or the intermediate scale
1011GeV, which gives neutrino masses that are too large.
This scale 1012GeV÷ 1014GeV also does not correspond
to any other known physical scale.
In this note we show that in a certain class of higher
dimensional constructions, and under the sole assump-
tion that lepton number is not a fundamental symmetry
of the low-energy theory, the required suppression of the
non-renormalisable operator HHLL emerges naturally
from the requirement of TeV-scale supersymmetry. This
class of constructions appears naturally in the context of
flux compactifications of Type IIB string theory [3], but
the arguments leading to the correct scale of neutrino
masses need not be particular to them and rely only on a
few geometric features of the model. Thus any construc-
tion, stringy or not, that shares these characteristics will
give this scale.
In general terms, these constructions are characterised
by a very large compactification manifold, with V ∼ 1015
in string units, with an intermediate string scale ms ∼
1011GeV. In this respect they have similarities to the
large extra dimensions scenario [4, 5] (see also [6, 7] for
an intermediate string scale). The Standard Model is lo-
calised on branes wrapping small cycles within the large
overall volume. Considered in string theory, these con-
structions present many appealing phenomenological fea-
tures [3, 8], such as a naturally occurring hierarchy and
computable flavour-universal soft terms [9, 10]. The large
2volume also allows a considerable degree of control and
simplification in the computations.
The structure of this note is as follows. In section II we
review the main features of large volume constructions, as
first presented in [3]. In section III we review the results
of [9], which enable us to estimate the strength of the
HHLL operator. In section IV we comment on the pos-
sibility of embedding this result in a fully fledged string
construction. We present our conclusions in section V.
II. LARGE VOLUME MODELS
The large volume models arise in IIB flux compact-
ifications [11] with the inclusion of α′ corrections [12]
in addition to nonperturbative superpotential terms [13].
The relevant Ka¨hler potential and superpotential are [19]



















For the simplest model (the Calabi-Yau P4[1,1,1,6,9]), there















Moduli stabilisation in this geometry has been studied in
detail in [3, 8]. The dilaton and complex structure moduli
can consistently be set equal to their vevs. Denoting
τs = Re(Ts), τb = Re(Tb), the resulting scalar potential













In this expression, W0 = 〈
∫
G3 ∧ Ω〉 and typically has
O(1) values. The potential (7) may be minimised analyt-
ically. The minimum lies at exponentially large volume,
V ∼W0ec/gs , (8)
with τs ∼ lnV and c a number of order 1. The Standard
Model is assumed to be supported on a stack of D7 branes
wrapping the small cycle τs.





A TeV-scale gravitino mass, required for a natural solu-
tion to the weak hierarchy problem, requires a volume
V ∼ 1015. This occurs for appropriate values of gs and ξ.
The compact extra-dimensional geometry can thus be
described a small four-dimensional region in which the
Standard Model interactions propagate, embedded in a
huge six dimensional Calabi-Yau. We want to empashize
that while there is, as described above, a natural stringy
embedding, our results will apply to any model giving
rise to this geometry.
III. THE SCALE OF NEUTRINO MASSES
The value of Λ in the field theory equation (3) depends
on the underlying supergravity structure. Properly we
should therefore study the operator O of (3) in super-
gravity. If we use C to denote generic matter fields (and
their scalar components), on general grounds we can ex-
pand the superpotential as a power series in C [20],






CαCβCγCδ + . . . .
(10)









CαCβψγψδ ∈ L (12)





The principal assumption we make is that, consistent
with the symmetries of the R-parity MSSM, this oper-
ator does indeed exist in the superpotential.
However, (12) does not by itself determine the physical
coupling strength. In general supergravity theories, the
matter field metrics fail to be canonically normalised,
The full Lagrangian is





The physical strengths of the dimension-four (i.e.













Thus in determining the physical suppression scale of
dimension-five operators, the Ka¨hler potentials for both
moduli and matter fields play a crucial role. In IIB string
compactifications, the moduli Ka¨hler potential is given
by






− ln(S + S¯). (16)
The factor −2 lnV is in fact generic, as it ensures the
‘natural’ scale of the scalar potential is m4s rather than
3M4P (using ms ∼ MP√V ). It will therefore be present in any
model fitting into the framework described in section II.
It was shown in [9] that for the models described in






where φ are complex structure moduli. The volume scal-
ing is easiest to understand. As already explained, the
Standard Model interactions are localised on a small cy-
cle within a large bulk. As these interactions come only
from local physics, the physical Yukawa couplings must
be insensitive to the size of the bulk volume. Using equa-
tions (14) and (16), this can hold only if [22] the matter
metrics scale as K˜α ∼ V−2/3. As this argument depends
only on locality, it does not rely on any string theory tech-
niques and will hold for any model giving a geometry as
described. The power of τs is dependent on the brane
configuration - the power 1/3 applies strictly only for the
simplest case where all branes wrap the same cycle.
Equation (17) suffices to determine the suppression







As in equation (9), we require V ∼ 1015 for a TeV-
scale gravitino and a natural solution to the weak hi-
erarchy problem. The size of the small cycle τs de-
termines the Standard Model gauge couplings through
2αSM(ms) ∼ τ−1s and so we require τs ∼ 10. The



















The main result of this paper is contained in equa-
tion (19). For the models described in section II, simply
requiring a TeV gravitino mass, achieved by V ∼ 1015,
naturally generates the required suppression scale Λ ∼
1014GeV for neutrino masses. This result is very appeal-
ing, as it ties the scale of neutrino masses to the scale of
supersymmetry breaking in a way consistent with phe-
nomenology. It is also appealing that the scale of su-
persymmetry breaking is naturally hiearchically small,
as the moduli stabilisation mechanism of [3] generates
exponentially large volumes.
Finally, we can condense all the arguments of this sec-
tion in a single general formula relating neutrino masses,
Higgs sector parameters, supersymmetry breaking scale
and the SM gauge coupling constants. Up to O(1) factors
in Zαβγδ, we find
mν ≃ v







IV. ON STRING REALISATIONS
Until very recently, there was no purely string the-
oretic approach to (Majorana) neutrino masses and all
the attempts in this direction were limited to field the-
ory arguments on GUT-like models (see e.g. [14]). The
difficulty in getting neutrino Majorana masses has its
origin in the fact that in most of the original (Type
II) semi-realistic Standard Model constructions (starting
from [15]) lepton number is exactly conserved at the per-
turbative level, thus forbidding the existence of Majorana
mass terms in the low energy effective action. The situa-
tion has changed with the appearance of [16, 17], where
explicitly string theoretical mechanisms were provided to
account for neutrino Majorana masses via the see-saw
mechanism. In these references [23], it is proposed that
terms like e−T νRνR can in certain circumstances be gen-
erated by Euclidean D-brane instanton effects. Due to
an anomalous U(1), the field T is charged and trans-
forms as T → T − 2iQ while the neutrinos transform
as νR → eiQνR under all of their charges (including the
lepton number), making the corresponding term gauge
invariant. This can potentially generate right-handed
neutrino masses several orders of magnitude below the
string/Planck scale.
The above nice scenario aims at reproducing the con-
ventional seesaw to account for neutrino masses. We note
that such an approach cannot be applied to the large
volume compactifications analysed here: both because
the instanton amplitudes e−T ∼ 1V are too small, and
also because the string scale ms ∼ 1011GeV restricts the
maximal field theory mass of the right-handed neutrino.
Instead, our approach has been to assume the existence
of the H2H2LL operator in the superpotential and com-
pute its suppression scale. If such an operator is allowed
by the symmetries of the model, then under the total-
itarian principle it ought to be present. The principal
symmetry that could forbid this term is lepton number,
which we require not to be a fundamental symmetry of
the low energy theory [24]. While in the original SM-
like constructions like [15] lepton number was an exact
perturbative symmetry of the models, recent approaches
like [18] show that there is in principle no objection to
obtaining SM-like constructions in string theory violating
lepton number.
Given the absence of any realistic see-saw mechanism
in large volume compactifications, we find especially re-
markable the attractive accordance of scales found in this
note. Following our arguments, for any Type IIB large
volume stringy construction (in principle in the sense de-
veloped in section II, but not necessarily restricted to
these setups) in which lepton number is perturbatively
violated and the HHLL operator appears in the super-
potential with an O(1) coefficient, the simple require-
ment of TeV scale supersymmetry guarantees the correct
order of magnitude for neutrino masses, with no need
for a see-saw mechanism. We find this strong connection
between TeV-scale supersymmetry and the observed neu-
4trino masses far from trivial, and regard it as motivation
for the future development of fully-fledged string models
in which all the model details take place.
We also note the perhaps surprising result that even
though the string scale isms ∼ 1011GeV, the suppression
scale is Λ ∼ 1014GeV. This contradicts a naive intuition
that the suppression scale Λ of dimension-five operators
should always be that associated with the UV cutoff.
V. CONCLUSIONS
In this note we have presented an argument in which
the (otherwise mysterious) scale of energy Λ ∼ 1014GeV
associated to Majorana neutrino masses has a clean phys-
ical origin, associated with general features of the geome-
try of a (presumably large) class of compactification man-
ifolds. The required assumptions are (i) lepton number
violation, as required for Majorana neutrino masses; (ii)
a geometry consisting of a large six dimensional compact-
ification manifold of volume V ∼ 1015 in string units (this
number is required for TeV-scale supersymmetry), with
the Standard Model confined to a (comparatively very
small) four dimensional submanifold; (iii) a superpoten-
tial that is independent of the volume of the manifold, as
indeed holds in string compactifications.
Given these assumptions one is led naturally to Majo-
rana neutrino masses of order 10−2 eV− 10−1 eV.
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